A dye reduction method was developed for estimating total aerobic and/or psychrotrophic bacterial counts in ground beef. The method is based on color changes in indicator disks placed on the meat surface.
The use of chemical indicators as agents for the determination of sanitary quality of milk is well known (3, 4, 8) . Various redox indicators have also been used as rapid tests for assessing the bacteriological quality and/or predicting the shelf life of other foods, including maple sap (5, 6) , red meats (1, 2, 9-11), poultry (12, 14) , and eggs, seafood, and vegetables (7, 13) .
The purpose of this study was to develop a simple chemical reduction method for estimating the level of microbial contamination in ground beef. Such a method would prove advantageous if a meat wholesaler, retailer, or consumer could estimate the bacterial content of a package of ground beef by visual observation of color changes in an indicator disk placed on the meat surface at the time the meat was packaged.
We used three redox indicators, methylene blue (MB; Difco), 2,3,5,-triphenyltetrazolium chloride (TTC; Difco), and resazurin (RZ; Manufacturing Chemists, Norwood, Ohio). MB changes from blue to colorless upon reduction; TTC changes from colorless to red (triphenylformazan); and resazurin changes from blue to pink (resofurin) to colorless (hydroresofurin). Ten concentrations (0.0025, 0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, and 1.28%) of each indicator were tested. A preliminary study with plates seeded with a mixed culture and five bacterial isolates from ground beef showed that none of the above concentrations of any of the indicators gave measurable zones of inhibition of bacterial growth around the disks on the seeded plates.
The indicators were dissolved in distilled water and 0.1 ml of solution was placed on each Whatman no. 2 filter paper disk (1 cm in diameter). The disks were dried at room temperature overnight in the dark after which half of the disks were covered on one side with one drop ' Permanent address: Department of Animal Science, University of Maryland, College Park, Md. 20742.
(Pasteur pipette) of sterile 2% agar. Initial relative intensity readings of all the disks (with and without agar) were then made on an Aminco Microphotometer (Travenol Laboratories, Inc., Silver Spring, Md.) with an Uniscan attachment having a 0.5-mm slit and the standard ultraviolet light source emitting maximum energy at 360 nm. The agar layers were added and initial relative intensity readings were recorded immediately before the disks were placed on the ground beef patties.
A total of 112 fresh 3-ounce (ca. 85 g) ground beef patties representing two different batches from each of two processors were used in this study. Two control patties from each of the four batches were evaluated for initial total aerobic and psychrotrophic bacterial counts the day after the patties were delivered from the processors. On the same day, five disks representing five different concentrations of a given redox indicator were lightly pressed with forceps onto each of 96 patties. The agar surfaces ofthe disks were placed adjacent to the patties. Metricel membranes (Gelman Instrument Co.; 13 mm in diameter; 0.45-,um pore size) were placed between the ground beef patties and the disks without an agar layer. Thus, eight patties (two from each batch) were tested for each treatment (3 dyes x 10 concentrations/5 concentrations per patty x agar surface versus Metricel membrane). The purpose of the agar surfaces and the Metricel membranes was to minimize the absorption of meat juices by the indicator disks.
The patties were placed in individual plastic bags (Baggies sandwich bags) and stored at 5 C. The eight remaining patties served as 5-day and 12-day controls. Half of the patties were evaluated after 5 days of storage and the remaining half after 12 days for total aerobic and psychrotrophic bacterial counts and relative intensity readings of the disks. Serial dilutions of the bacteria from an 11-g core sample (4 cm trophic bacteria which produce metabolites at 5 C. Table 3 presents the regression equations for predicting total aerobic and/or psychrotrophic bacterial counts in ground beef from relative intensity readings of the reduced indicator disks. The MB method was more acceptable than the TTC and RZ methods; however, equations are presented for the concentration of each indicator which produced the best results. The results of this study show that MB dye reduction can be used to predict bacterial counts in ground beef. Although the ground beef patties used in this study were evaluated after 5 and 12 days of refrigerated storage, the MB disk reduction method could be used to estimate the bacterial quality of ground beef stored for any given period of time. The relative intensity reading on a microphotometer requires only minutes, whereas plating, incubation, and counting procedures require 2 days for total aerobic bacteria and up to 10 days for psychrotrophic bacteria.
Although these data indicate that MB reduction is an effective, rapid method for estimating bacterial counts in ground beef, further evaluation would be required before this procedure could prove useful in a meat packing plant or a supermarket. Standards of MB color, each representing a particular bacterial level, might be developed for visual comparison with the MB indicator disk. Visual comparison would eliminate the requirement for an instrument, but would introduce subjective error. Also, further studies are necessary to determine the effect of meat storage time and temperature on the degree of reduction (color change) and to establish whether there are minimal bacterial levels below which the method loses accuracy.
